Premature coronary artery disease and testosterone in Sri Lankan men 
Introduction
The age-standardized death rates for coronary heart disease are declining in many developed countries, but are increasing in developing countries such as in Sri Lanka with demographic changes, urbanization, and lifestyle changes (1, 2) . Coronary artery disease (CAD) is one of the leading causes of mortality in men. Cardiovascular disease accounts for the highest rate of hospital deaths in Sri Lanka (2) . Men of similar age tend to have higher incidence of CAD than premenopausal women (3) . Hence, it is fair to assume that androgens may have a role in the development of CAD. In contrast, epidemiological studies have identified an inverse association between testosterone and coronary artery disease in men (4, 5, 6) with reduced testosterone concentrations being linked to premature CAD (7) . There are studies indicating that a low testosterone level is related to the risk factors of cardiovascular disease as well (8, 9, 10) .
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Nevertheless, the relationship between testosterone and CAD has not been established yet. Moreover, the relationship between premature CAD and testosterone levels is not well studied. There are no previous studies of this nature conducted in Sri Lanka. Therefore this study was done to investigate whether low total testosterone levels are associated with premature CAD.
Materials and methods
The research project was approved by the Ethical Review Committee of Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka. Thirty one men of 45 years of age or below with documented coronary artery disease constituted the cases. It included 11 with angiogram proven coronary artery disease patients who were awaiting coronary artery bypass graft at Cardiothoracic Unit, Teaching Hospital, Karapitiya and 20 with confirmed ST-Original paper elevated myocardial infarction patients admitted to Coronary Care Unit, Teaching Hospital, Karapitiya. The control group consisted of 31 men below the same age, without having clinically evident coronary artery disease. They were selected from the patients who were awaiting minor surgery at surgical units, Teaching Hospital, Karapitiya.
Data were collected using an intervieweradministered questionnaire, after the informed written consent. Anthropometric measurements were obtained according to the standard protocols. Fasting morning blood samples were collected for biochemical assays. Serum testosterone levels were estimated using commercial enzyme immuno assay kit (Pathozyme Testosterone, Omega Diagnostics Ltd, Omega House, UK). Concentrations of fasting plasma glucose, serum total cholesterol, high-density lipoprotein cholesterol and triglyceride levels were measured by colourimetric methods using commercial kits (ProDia International, UAE).
Data were analyzed using Minitab version 15 for Windows. Categorical data were displayed as percentages and frequencies. Categorical data were analyzed using the Chi-squared test or Fisher's exact test. Numerical data were examined for normality and presented as mean ± SD. Adjusted means of hormone, lipid levels were calculated using multiple regressions. Age, body mass index, smoking and diabetes were used as independent predictor variables for testosterone and age, BMI, smoking, diabetes and use of statin were used as independent variables for lipids and for plasma glucose; age and BMI were used. Comparison between cases and controls was analyzed using two sample t-tests for independent samples assuming unequal variance. Pearson correlation coefficient was used to assess the relationship between serum testosterone concentrations and other risk factors.
Results
The age of the CAD group ranged from 32 to 45 years and the age of control group varied from 30 to 45 years. Mean ages of the two groups were significantly different (41 ± 3 vs. 37 ± 4 years, p = 0.001). Although BMI (23.6 ± 4 vs. 23.5 ± 6, p = 0.906) and hip circumferences (89.7 ± 8 vs. 86.3 ± 8 cm, p = 0.133) were not significantly different between the two groups, waist circumference (84.3 ± 10 vs. 76.7 ± 11 cm, p = 0.01) and the waist-hip ratio (0.93 ± 0.04 vs. 0.88 ± 0.06, p = 0.001) were significantly different (Table 1) .
Prevalence of hypertension, diabetes mellitus and history of statin use among the cases were 8 (25.8 %), 4 (12.9 %), 13 (41.9 %) respectively, while none reported in the control group. Smoking was reported in 23 (74.2 %) cases; 15 of them were current smokers and eight were exsmokers for approximately three months at the time of recruitment to the study. Six (19.3 %) controls were pastsmokers and they had stopped smoking for more than one year by the time of recruitment to the study (Table 1) . BMI = Body mass index, W-H ratio = Waist to hip ratio, SBP = Systolic blood pressure, DBP = Diastolic blood pressure. Data presented as mean ± SD, percentages or frequencies, p-Value calculated using two-sample t-test. Other p values calculated using Chisquared test or Fisher's exact test. 
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Serum total testosterone concentration (TT) among the cases was significantly lower than the controls (p = 0.001) which remained significant (p = 0.001) even after adjustments for clinical covariates (age, BMI, smoking, diabetes mellitus).
The concentrations of total cholesterol (T-Ch), LDLcholesterol (LDL-Ch) and triglycerides (TGs) were not significantly different between the two groups, but after the adjustments for the clinical covariates (age, BMI, smoking, diabetes mellitus and use of statin), the difference between the two groups became significant; T-Ch (p = 0.004), LDL-Ch (p = 0.001), TGs (p = 0.001). Serum HDL-Cholesterol (HDL-Ch) was significantly different between two groups ( Table 2 ). Plasma glucose concentration in the CAD group was significantly higher compared to the controls (p = 0.016), which became stronger (p = 0.001) after the adjusting for age and BMI. A significant positive correlation was observed between total testosterone and the HDL-Ch (p = 0.001). A negative correlation existed between total testosterone and age (p = 0.001), waist circumference (p = 0.008), W-H ratio (p = 0.003) showed highly significant (all p < 0. 05), while modest significance was present between TT and hip circumference (p = 0.087), SBP (p = 0.067), DBP (p = 0.057) and relationship was not significant with BMI (p =0.869). The negative correlations between TT and TCh (p = 0.308), TGs (p = 0.229) and PG (p = 0.115) were non significant, while modest significance was present with LDL-Ch (p = 0.065). Original paper
Discussion
The current study reveals that serum total testosterone concentration was significantly lower in patients with premature coronary artery disease compared to the controls. This finding is consistent with the previous studies suggesting that low testosterone may be a risk factor for the development of CAD (4, 5, 6) . Furthermore, a recent study done on Turkish subjects has linked the presence of low testosterone to the development of premature CAD, where both total and free testosterone found to be low in the cases compared to controls (7) . Findings of our study are in agreement of the above study.
Prevalence of conventional risk factors such as diabetes mellitus, hypertension, hyperlipidaemia and smoking were more prevalent in the premature CAD group. Although BMI was not significantly different between the two groups, WC and W-H ratio were higher in the CAD group reflecting the relationship of central obesity with the development of CAD (8, 9, 10).
HDL-Ch level was significantly higher in the control group compared to cases and also showed a significant positive correlation with testosterone. Total testosterone showed modestly significant negative correlation with LDL-Ch. These findings are in agreement with the previous reports, which had shown positive correlation of testosterone with HDL-Ch in healthy men. One proposed mechanism is that testosterone acts through modulation of lipid profile, supported by findings of a favourable relationship with HDL-Ch (11, 12, 13) .
There are studies where intramuscular administration of near-physiological doses of testosterone resulted in a decrease in total and LDL cholesterol levels without significantly affecting HDL cholesterol levels (14) (15) . Testosterone supplementations in men with hypogonadotropic hypogonadism were shown to increase levels of total and LDL cholesterol, but increased the HDL /LDL ratio (16) .
Conclusion
The serum total testosterone was significantly lower in patients with premature coronary artery disease compared to controls. There was a significant positive association between serum total testosterone and HDLCh in both groups. This reflected that low levels of testosterone appear to be related to the development of atherogenic lipid profile and premature coronary artery disease. It is recommended that larger studies are needed to confirm these findings in future.
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